Developing Heritable Mutations in Arabidopsis thaliana Using a Modified CRISPR/Cas9 Toolkit Comprising PAM-Altered Cas9 Variants and gRNAs.
Clustered regularly interspaced short palindromic repeat (CRISPR)/CRISPR-associated protein 9 (Cas9), comprising an RNA-guided DNA endonuclease and a programmable guide RNA (gRNA), is currently recognized to be a powerful genome-editing tool and is widely used in biological science. Despite the usefulness of the system, a protospacer-adjacent motif (PAM) immediately downstream of the target sequence needs to be taken into account in the design of the gRNA, a requirement which limits the flexibility of the CRISPR-based genome-editing system. To overcome this limitation, a Cas9 isolated from Streptococcus pyogenes, namely SpCas9, engineered to develop several variants of Cas9 nuclease, has been generated. SpCas9 recognizes the NGG sequence as the PAM, whereas its variants are capable of interacting with different PAMs. Despite the potential advantage of the Cas9 variants, their functionalities have not previously been tested in the widely used model plant, Arabidopsis thaliana. Here, we developed a plant-specific vector series harboring SpCas9-VQR (NGAN or NGNG) or SpCas9-EQR (NGAG) and evaluated their functionalities. These modified Cas9 nucleases efficiently introduced mutations into the CLV3 and AS1 target genes using gRNAs that were compatible with atypical PAMs. Furthermore, the generated mutations were passed on to their offspring. This study illustrated the usefulness of the SpCas9 variants because the ability to generate heritable mutations will be of great benefit in molecular genetic analyses. A greater number of potential SpCas9-variant-recognition sites in these genes are predicted, compared with those of conventional SpCas9. These results demonstrated the usefulness of the SpCas9 variants for genome editing in the field of plant science research.